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PLASTIC PROPERTIES OF SUmmySIDE COAL. 

BLENDS WITH OTHER COALS AID W I T H  CTEF,R MATERIALS 

Glenn C. Soth 

Kaiser Steel Corporation, Fontana, California  

CIEANIKG PLANT PRODUCTS, OXIDATIOFJ Amn STORAGE 

Coal from the Kaiser S t e e l  Corporation's Surmyside, Utah, Mines has been the  
p r inc ipa l  source of coal  f o r  making b l a s t  furnace coke a t  Fontana s ince t h e  start 
of operations i n  19&. 
ovens supplying one b l a s t  furnace t o  seven b a t t e r i e s  of ovens making coke for  four 
b l a s t  furnaces. There have been many changes i n  mining methods, i n  coal  prepara- 
t ion,  and i n  the use of t he  Simnyside coal, but t h i s  coa l  still remains the  major 
source of coking coal for the  Fontana plant. Experience i n  use during the years, 
as w e l l  as laboratory invest igat ions,  has provided considerable information on t h e  
propert ies  of t h e  Sunnysi.de coal  and i t s  behavior during carbonization, both alone 
and i n  blencls with other materials.  
b e t t e r  coke, both with re spec t  t o  chemical propert ies  such as ash and sulfur content, 
as well  as f o r  the physical properties.  Better coke gives increased i r o n  production, 
lower coke rate, and the ultimate object,  reduced cos t  of hot metal. 

Early operations a t  Fontana showed t h a t  satisfactory b l a s t  furnace coke could not 
be produced from s t r a i g h t  Sunnyside coal . ( l )  
coking coals  or other materials f o r  improvfng t h e  s i ze  and s t r eng th  of t h e  coke and 
t o  reduce breeze. 
t i e s  i n  the Raton f i e l d  i n  northern New Mexico and use of Koehler mine coa l  from 
there.  Sources of supply have been developed of purchased medium and low v o l a t i l e  
coals f o r  blending with t h e  Sunnyside coal t o  improve the s i z e  and s t rength of the 
coke. 

It i s  common pract ice  t o  blend low v o l a t i l e  c o a l  u i t h  high v o l a t i l e  coal  f o r  in- 
creasing the s ize  and s t rength of t he  coke.(2) 
low o r  medium v o l a t i l e  coal  nearer t o  Fontana than the  Crested Butte f i e l d  in 
Colorado or t he  i n t e r i o r  province coals  of t h e  Arkansas4klahoma region. 
these areas must be shipped by rail; thus the f r e i g h t  cos t  becomes a very important 
f ac to r  in the economy o f  operations. 
Fontana have been described recently. (3) 

MINING AND COAL €"AEWION 

The S m y s i d e  coal is produced from t h r e e  separate  adjoining mines. 
a l l  three mines goes t o  mixhg  bins t o  provide a feed as uniform as possible for t he  
coal  cleaning plant. 
t he  6 x 0 coal passes through j i g s  f o r  cleaning. 
from these j i g s  f o r  deuateling r e s u l t s  i n  seve ra l  sizes of products. 
f i nes  from the screens are fru-ther t r ea t ed  by f l o t a t i o n  and the  cleaned coal  product 
i s  recombined with t h e  coarse clean coal  f o r  s 

Requirements have increased from two b a t t e r i e s  of coke 

These invest igat ions a re  continuing, t o  provide 

It was necessary t o  obtain other  better 

Changes i n  coal  supply have included purchase of extensive proper- 

However, there  i s  no production of 

Coals f r o m  

Details of the coal handling p rac t i ce  at  

Raw coal  from 

The combined coal is crushed to a top  size of six inches and 
The treatment of t he  f l o a t  coal 

The 28 mesh x 0 

pment t o  Fontana. Details of the 
f l o t a t i o n  cleaning plant  have been published. ( 8 
All of the cleaned coal is shipped immediately and in normal operation no coal i s  
stocked a t  the mine. Because of the p rac t i ce  o f  recombining all s ize  fract ions of 
cleaned coa l  as well  as no stocking a t  t h e  mine f o r  dewatering or w g ,  the coal  
a r r ives  a t  Fontana wi th  6 t o  7% t o t a l  moisture, the f l o t a t i o n  product itself con- 
taining 20 t o  25% moisture. A t  Fontana all of t h e  c o a l  received goes t o  stock and 
s tock coal,  hs - 60 clays old,  i s  used i n  the  blend. 
not be held i n  stock even f o r  this length of time without ser ious decrease i n  the 

Fears that Sunnyside coal could 
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dream poor coking propert ies  has not  proven t rue  in pract ice .  

LABORATORY TESTS OF COKING PROPERTIES 

Full-scale t e s t ing  of possible  blends is  both d i f f i c u l t  and expensive, s o  tha t  labor- 
a tory  t e s t s  t o  permit s e l ec t ion  o f  the more su i tab le  coals  f o r  blending is  highly 
desirable,  A var ie ty  of laboratory methods have been described in the l i t e r a tu re (5 )  
f o r  assessing the coking propert ies  of codls, ranging from t e s t s  on usual laboratory 
samples as s m a l l  as one gram to various p i l o t  sca le  t e s t  ovens using 500 lbs. o r  
more per tes t . (6) (7)  
are unsat isfactory for appl icat ion t o  poorly coking western coals. Often such t e s t s  
f i e l d  cokes, whereas t e s t ing  a t  usual r a t e s  o f  carbonization does not y i e ld  a coher- 
en t  ce l lu l a r  coke residue. 
proposed ASTM method,(8) has been found most useful  f o r  western coals. An i u u s t r a -  
t i o n  of Gieseler plastometer test r e su l t s  i s  given in C h a d  I for three different  
types or ranks of coal. 
a t ta ined  during the t e s t  as w e l l  as differences in the temperature ranges during 
which p l a s t i c  propert ies  were indicated,  

Besides the Gieseler plastometer t e s t ,  both t h e  f r e e  swelling and the  aggluEnation 
t e s t s (9 )  have been used a t  times. 
the  maximum fluidity shown i n  t h e  Gieseler  t e s t ,  a r e  given i n  Table I and shown 
graphically in Charts 11-A and 1143. 
l eve ls  o f  p l a s t i c i t y  were done on 300 g samples of -35 mesh coal. The or ig ina l  
sample was t e s t ed  i n  the  plastometer and portions taken f o r  fu r the r  grinding t o  -60 
mesh and -200 mesh f o r  the f r ee  swelling and t he  agglut inat ing t e s t .  The remaining 
g r o s s  portion o f  the  sample was placed i n  a g rav i ty  convection drying oven a t  105°C. 
After a se lec ted  time i n t e r v a l  the  sample was removed, cooled, and a port ion taken 
f o r  plastometer tes t ing  and o the r  portions for grin- and tes t ing  by the other 
methods. 
res idue was  obtained i n  the  Gieseler plastometer t e s t .  

The results showed d i f fe ren t  re la t ionships  f o r  3 i f f e ren t  ranks of coal. 
of comparison it was found t h a t ,  i f  the  maximum fluidity in the  Gieseler  t e s t  was 
l e s s  than 2 dia l  divisions p e r  minute, t he  resfdue remaining a f t e r  the t e s t  was 
only a s in te red  button and did not exhibi t  the c e l l u l a r  s t ruc ture  associated with 
coke. Thus,i t  was concluded t h a t  ne i ther  the agglutinating t e s t  nor  the  f r e e  
swelling test are  sa t i s f ac to ry  f o r  assessing the coking propert ies  of coals, but 
could be used possibly t o  ind ica t e  major changes i n  the  coking propert ies  of a coal 
i f  the general  propert ies  were h o r n  from Gieseler plastometer and other tes t ing .  

PLASTIC PROPERTIES OF VARIOUS SIZES OF SUNNPSIDE COAL 

In  general ,  laboratorg methods, using rapid r a t e s  o f  heating, 

The Gieseler  plastometer t e s t ,  general ly  following the 

T h i s  i l l u s t r a t i o n  shows differences i n  maximum f luicl i t ies  

Besults f o r  these t e s t s ,  compared t o  values for  

The t e s t s  for . these  comparisons a t  various 

This was repeated u n t i l  the  extent of oxidation was such that no coherent 

For purposes 

Plastometer t e s t s  were run on each of  the  s izes  of coal  obtained a t  the  cleaning I 
plant.  
a t  Fontana. 
with decrease in  pa r t i c l e  s ize .  
and increase i n  ash. 

The samples were taken a t  Sunnyside and were 10 t o  15 5ap old when tes ted  
The data obtained, Table 11, showed the expected increase in  moisture 

Other trends included decrease i n  vo la t i l e  m t t e r  
The Giese le r  plastometer r e s u l t s  showed decidedly lower 

, p l a s t i c  propert ies  f o r  the  f i n e r  s izes ,  

Petrographic analyses of the S m n p i d e  coal  had indicated tha t  t h e  coal was over 90% 
c la ra in  or Type 111 v i t r i n i t e .  There were no appreciable percentages of  harder o r  
s o f t e r  const i tuents  such as  durain o r  fusain that might be expected t o  segregate i n  
the  l a rge r  or f i n e r  s i zes  and to  cause d i f fe ren t  coking propert ies  by segregation. 
Therefore, it was indicated t h a t  the f i n e r  s i zes  of coal produced a t  the mine had 
already undergone considerable weathering between' ndning and del ivery and tes t ing a t  
Fontana. 



OXIDATION TZSTS 

R e s u l t s  a t  t h i s  time were somewhat confusing. 
dicated t h a t  t h e  Sunnyside coal was suscept ible  t o  rapid weathering i n  stock, ac tua l  
plant  pract ice  had shown l i t t l e  change i n  the coa l  i n  60 days o r  c f t en  a longer 
period of time. 
maxinun f l u i d i t y ,  Table 111, but  no apparent trends; average values were not par t ic-  
u l a r l y  lo se r  thaii averages f o r  f resh inconing c o d .  
giv',r?g confusing r e su l t s .  Du?licate t e s t ing ,  both t o  check iziziividual sanples and 
t o  check the r e s u l t s  obtained by d i f f e r e n t  operators, did not  show good agreement. 
Further, t e s t s  of  a s e r i e s  of samples such as blends of Sunnyside with other coals  
did not show consis tent  results. N o r m a l  f r e sh  Sunnyside coal  had been found t o  give 
m a x i m u m  fluidities of the order of Lo t o  00 divisions per ndnute. 
shown i n  Table I the o r ig ina l  sample had a maximum f l u i d i t y  vaiue o f  o n l y  1 9  and two 
hours a t  lO5'C had decreased this value t o  only 5.7 divisions pe r  minute, indicating 
r ap id  oxidation. 

It w a s  decided t o  make a ca re fu l  examination of the change i n  p l a s t i c  properties with 
time f o r  -35 mesh Sunnyside coal  a t  room temperature. A sample of about 150 grains 
of -35 mesh Sunnyside coal  was prepared as r a p i a y  as possible a?d then t e s t ed  
immediately. The sample was then s e t  a s ide  in a rubber stoppered g l a s s  b o t t l e  and 
t e s t e d  weekly. The r e s u l t s  of t b i s  t e s t  work are shown in C h a r t  III. As shown i n  
t h i s  chart ,  only one week i n  this condition had decreased the riaximum fluidf-ty from 
60 t o  only 2 1  di.ivi_sions per  ninute. Subsequent t e s t ing  shobied f u r t h e r  considerable 
decline i n  maximm f l u i d i t y  but  a t  a decreasing rate. 
second sanple was prepared and t e s t ed  daily.  ?he r e s u l t s  showed a decrease in m a -  
imm f l u i d i t y  from 60 t o  33 .d th  o n l y  2L hours standing a t  room temperature, and 
fu r the r  decrease t o  about 20 a f t e r  one week. These r e s u l t s  explained the lack of 
agreement i n  &plicate  t e s t ing  and my explain i n  p a r t  the considerable var ia t ion 
shown i n  the  maximum f l u i d i t y  of p l an t  control  samples. 
standard time program of sample preparation and of t e s t ing  was formed. 

A var i e ty  of nethods have been desrribed i n  the l i t e r a t u r e  f o r  preserving samples of 
coal f o r  future  s tudy .  
natural  gas, f i l l i n g  the air space i n  the container with water, and freezing the 
samples. 
qu i r e  fu r the r  treatment 3f t h e  sample that may produce changes as g rea t  as would 
have occurred during storage under air. 
natural  gas served only p a r t i a l l y  t o  de t e r  t h e  olddation and t he  decrease i n  the 
p l a s t i c  properties. 

Because six samples i s  about the m & m  nmber  that can be t e s t ed  by one operator 
i n  one plastometer i n  an 8-hour uork day, and because of the ~ a r i o u s  d i f f i c u l t i e s  
of preserving sam?les, a group of  t e s t s  was run t o  study the change i n  p l a s t i c  pro- 
p e r t i e s  w i t h  r e spec t  t o  p a r t i c l e  s i z e  of t he  coal being preserved. The results are 
shown i n  Chart IV. 
s i z e  f o r  a sample t h a t  was t o  be held e m n  f o r  t h e  f e w  clap of  a t e s t i n g  program. 

It mag be noted a t  this point t h a t  sane o f  these sane d i f f i c u l t i e s  were experienced 
i n  coking t e s t s  with a SOO-lb. t e s t  oven. 
l a rge  sample of coal  f o r  use i n  a s e r i e s  of tests in order t o  eliminate var ia t ions 
that might occur in separate  samples. It was found t h a t  Sunnyside coal, ground i n  
the  laboratory h a m e r n i l l  t o  approximately 75% -1/8" and preserved i n  covered s t e e l  
ctrums, showed decided changes i n  coking propert ies  within two weeks storage. 

Although preliminary s tud ie s  had in- 

Gieseler tests of stock coal had shoun considerable va r i a t ion  in 

?lastometer t e s t ing  a l s o  was 

In the t e s t  data 

I n  v i e w  of these results a 

I n  view of these r e su l t s  a 

These include s torage under an i n e r t  atmosphere such as 

Except f o r  t he  use of an i n e r t  atmosphere, tnese nethods of ten m u l d  re- 

Also, as shown i n  C h a r t  11, storage under 

The data obtained indicated t h a t  1/L* was t h e  minim p a r t i c l e  

It i s  customary ta obtain a relatively 

PLASTIC PROPERTIES OF BLENDS OF SWNYSIDE WITH LaGr LOLATILE COALS 

only after the rapid change in p l a s t i c  propert ies  of -35 mesh Sunnyside coal at  room 
temperatwe was understood was i t  possible to obtain sa t i s f ac to ry  results fo r  p l a s t i c  
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propert ies  of  blends of Sunqs ide  coal  Vith other  materials. 
in Chart I, t h e  p l a s t i c  temperature range f o r  Sunnyside coal  extends from about 3350 
t o  L60"c. Many t r u e  low v o l a t i l e  coals,  on the other hand, shou p l a s t i c  propert ies  
in t h e  Gieseler test i n  the  range &Lo to S0S"C. 
of  perhaps 20" i s  common t o  these two cypes o f  coal. 

AS shoun previously 

O n l y  a small temperature i n t e r v a l  

The change i n  maximum fluidity with change i n  composition of blends of Sunnyzi.de with 
two d i f fe ren t  low v o l a t i l e  coals  i s  shown i n  C h a r t  V. 
f o r  the Sunqpsi.de coal  and l o w  v o l a t i l e  coal  "8" w a s  apprd rna te ly  the same a t  50 t o  
60 divisions per  minute. 
produced a rapid decrease in  the m a x i m u m  fluidity with increase i n  the percent of 
the  low v o l a t i l e  c o a l  used t o  a minimum of approximately @- divis ions per  minute at 
a composition of about 75% Sunnyside and 25% low v o l a t i l e  coal. 
of  t e s t s  was run using low v o l a t i l e  coal "Bw of much lover  maximum fluidity. 
sarne type o f  curve resu l ted  except t h a t  t h e  change i n  maximum fluidity with increase 
i n  percent coa l  "Bwuas g rea t e r  than when t h e  more f lu id  low vola t i le  coal  nil'' was 
used. 

A minimum value f o r  t h e  f luidity of  a blend o f  coking coals  cannot be given because 
t h e  q u a l i t y  o f  the coke i s  influenced by many other  f a c t o r s  besides fluidity. How- 
ever, plant  practice had show t h a t  a t  times during the  year, par t icu lar ly  in t h e  
f a l l ,  the  coke qual i ty  decreased. This decrease i n  qual i ty  with increase i n  breeze 
uas found t o  be re la ted  t o  t h e  decrease in the m a x i m u m  f l u i d i t y  shown by t h e  mixed 
c o a l  be ing  carbonized. Attenpts t o  inprove t h e  coke q u a l i t y  by increasing the per- 
centzge of t i e  low v o l a t i l e  coal  were not very successful  and the reason f o r  this i s  
shown by the  course of t h e  curves given i n  C h a r t  V. 
v o l a t i l e  coal  decreases the  fluidity of t h e  mixed coal. 

TLASTIC pR0pESTIF;s OF BLENDS OF SUWYSDE WITH MEDIUM V O I A r n E  COALS 

Medium v o l a t i l e  coals are less desirable  f rom the economic standpoint f o r  blending 
with S m y s i d e  coal. 
obtain a given increase i n  t h e  s i ze  and s t rength  of the r e s u l t i n g  coke. 
re turn  in carbonization i s  love r  than obtained from low v o l a t i l e  coals. 
t h e  general ly  excellent coking propert ies  of medium v o l a t i l e  coals have been found 
t o  be desirable  f o r  use at Fontana f o r  obtaining b e t t e r  fused cokes and reduction i n  
breeze. 

The r e s u l t s  o f  Gieseler plastometer tests of blend3 of Sunnyside coal  v i t h  two differ-  
e n t  medium v o l a t i l e  coa ls  axe shown i n  C h a r t  V I .  It may be seen that t h e  change of 
maximum fluidity with change i n  conposition i s  no t  l inear .  
only the  p a r t s  o f  the curves from 0 t o  20% medium v o l a t i l e  coal  addi t ions have been 
of p r a c t i c a l  in te res t .  Ad&itions of medium v o l a t i l e  c o a l  i n  this range cause l i t t l e  
increase in t h e  d m u m  f l u i d i t y  of blends with Sunnyside coal. However, in campar- 
ison with the  use of  low v o l a t i l e  coal ,  it i s  s igni f icant  that the maximum f l u i d i t y  
ac tua l ly  increased o r  remained t h e  same and did no t  shou the very marked decrease of 
Sunnyside-low v o l a t i l e  c o a l  blends. 

PLASTICITY RELATIONSHIPS USING KOEHLER COAL 

The Koehler coal from the Raton, New Mexico, f i e l d  had been used a t  various times 
even before purchase of t h e  property by t h e  Kaiser S t e e l  Corporation i n  1957. 
Koehler coa l  shows considerably b e t t e r  p l a s t i c  propert ies  than t h e  Sunnyside coal  
although the  proximate ana lys i s  inclicates approxinately the same rank of coal, Table 
IT. Also, coke prodnced from s t r a i g h t  Koehler coal  i s  appreciably l a r g e r  and 
st ronger  than is  obtained from Sunnyside coal. 
approximately the same temperature range of occurrence of p l a s t i c  properties.  
of Sunnyside and Koehler coal  showed a l i n e a r  change i n  m C i m U m  flu&@ with *ge 
in composition, as i l l u s t r a t e d  i n  Chart VII. Blends of Koehler c o a l  with l o w  

The maximum fluidity shown 

gowever, adding t h i s  low v o l a t i l e  c o a l  to Slmnyside c o d  

The second s e r i e s  
The 

Increase i n  t h e  percent low 

Higher percentages of medium v o l a t i l e  coal  are required to 
The carb:.xl 
Neverthsless, 

For p r a c t i c a l  purposes 

The 

The Gieseler  plastorneter t es t  show 
Blends 

1 

1 
I 

I 
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v o l a t i l e  or with medium v o l a t i l e  coals shoved the same general  changes i n  maximum 
f l u i d i t y  with change i n  composition as described f o r  the  blends using Suriqsi.de coal ,  
Thus, in general, Koehler coa l  can be subs t i tu ted  f o r  Sunnysi.de coal. 

PLASTIC PROPWTIES OF BL!BDS OF LOW AND MEDIUM TIOWTILE COALS 

Tests  were made of blends of medium v o l a t i l e  and low v o l a t i l e  coals  for bas ic  infor -  
mation of blending. As would b e  expected, due 
t o  t h e  grea t  v a r i e t y  of  both low and medium v o l a t i l e  coals,  a great number of  combin- 
a t ions  are possible.  The r e s u l t s  shorn i n  C h a r t  VIE represent  o n l y  two s e r i e s  of 
p o s s i b i l i t i e s .  
v o l a t i l e  coal produced appreciable increases  i n  the m a x i m u m  f l u i d i t y  when o n l y  20% 
medium v o l a t i l e  coal  was present. 
coincidence of the temperature ranges o f  p l a s t i c i t y  compared t o  blends of Sunnyside 
with e i t h e r  low or medium v o l a t i l e  coal. 
very g r e a t  increases in m a x i m u m  fluidi,ty =re shown although it i s  probable t h a t  these 
increases  are  due to a considerable ex ten t  t o  the swelling that occurs during the 
t e s t i n g  of such blends. 

The r e s u l t s  a r e  shown i n  C h a r t  VIII. 

These r e s u l t s  indicated t h a t  addi t ion of medium v o l a t i l e  coal t o  low 

T h i s  r e s u l t  might be expected f r o m  the grea te r  

Above 20% addi t ion of medium v o l a t i l e  coal  

THREE-CGMPONENT E m %  OF SUTTNYSIDE, LOW, AND MEDIUM VOLATILE COALS 

Plant prac t ice  had shown t h a t  blends of Sunnyside and low v o l a t i l e  coals  were satis- 
fac tory  only p a r t  of the time; a t  other times the  fusion of the blend became poor 
resu l t ing  in excess breeze production and decrease i n  the tumbler t e s t  hardness 
factor .  Use of o n l y  medium v o l a t i l e  coa l  w i t h  Sunnyside is  not  desirable  because 
grea te r  percentages are required f o r  a given l e v e l  of size and s t rength .  These two 
considerations r e su l t ed  i n  t h e  pract ice  of using both low and medium v o l a t i l e  coals  
f o r  blending with Sunnyside coal. 
a t i l e  coal  are changed, depending upon t h e  economic considersibions and the  coke 
requirements a t  a given time. 

k t u a l l y ,  three-component blends of Sunnyside, low, and medium v o l a t i l e  coals  result 
i n  a var ie ty  of curves between the  individual  two-component s e r i e s  of Sunnyside- 
medium vola t i le  and Sunnyside-low vola t i le .  
When equal quant i t ies  of the low and medium v o l a t i l e  coals  used were blended with 
Sunnyside coal, the  change i n  maximum fluidity with change i n  percent blending coal  
added showed a decline i n  maximum f l u i d i t y  b u t  a t  a much slower r a t e  than shown k y  
using low v o l a t i l e  coa l  alone. When t h e  r e l a t i v e  percentages were changed t o  l/3 
low v o l a t i l e  and 2/3 medium v o l a t i l e  coal, the  maxhm fluidity shown by t h e  blend 
with Sunnyside coal showed e s s e n t i a l l y  no change i n  a m  f l u i d i t y  over the  pract- 
i c a l  range of addition o f  the  blending coal. ' 

OTHER COALS AND MATERIALS FOX INCREASING TFI~ FlUIDITY OF BLENDS 

Except f o r  a r e l a t i v e l y  few areas  i n  Colorado there are no known operating mines in 
southwestern United S t a t e s  producing high f l u i d i t y  coking coals. 
coals, of course, would be e s s e n t i a l l y  subs t i tu t ion  of t h e  high f l u i d i t y ,  probably 
high vola t i le ,  coal f o r  Sunrryside r a t h e r  than replacement of t h e  expensive medium and 
low v o l a t i l e  coals being used. 
propert ies  has shown extensive deposi ts  of both high v o l a t i l e  coking coal  of excel lent  
p l a s t i c  properkies as wel l  as deposi ts  of medium v o l a t i l e  coals  a l s o  of excel lent  
p l a s t i c  properties.  

Besides other  coals, Some na tura l  asphal ts  or bituminous mater ia l s  a r e  avai lable  
western raw materials.  A number of these materials have been tes ted.  Although such 
mater ia ls  become highly f l u i d  during carbonization, no t  a l l  of them show t h e  same 
a b i l i t y  t o  improve t h e  coke qua l i ty .  It i s  probable t h a t  the  differences in e f f e c t s  
on p l a s t i c  propert ies  are r e l a t e d  to  differences in the  p l a s t i c  ranges of these 
b i t a o u s  materials together with var ia t ions in the r a t e  and manner of decomposition 

The r e l a t i v e  percentages of low and medium vol- 

Two re la t ionships  are shown i n  Chart M. 

The use of such 

Fxploration i n  the Kaiser S t e e l  Corporation's Raton 

Use o f  these sources awaits fu ture  development. 
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and devolat i l izat ion.  

One such na tura l  bituminous n a t e r i a l  that has been used in  emergency on the plant  
sca le  bas i s  i s  Gilsoni te( l0)  obtained *om northeastern U t a h .  
p l a n t  pract ice  during periods %hen t h e  coals on hand did not  possess suf f ic ien t  
f l u i d i t y ,  t h a t  3$ t o  5% Gilsoni te  could be blended with the coking mix successfully 
t o  reduce the plant coke breeze yield.  
-Cklidity obtained by blending Gilsonite e i ther  with Sunnyside coal or with low vola- 
t i l e  coal, a rd  conparative r e s u l t s  are  indicated f o r  the  benefi ts  i n  increasing 
f l u i d i t y  obtained using medium v o l a t i l e  coal. 
of Gilsoni te  cause decided increases  i n  the maximum f l u i d i t y  shown by coals i n  the 
Gieseler plastoneter t e s t .  

Chart X I  i l l u s t r a t e s  the appl icat ion of Gilsonite t o  a plant  coal  mix. 
174% low v o l a t i l e  coal  t o  Sixmyside decreased the  maximum f l u i d i t y  from &2 divisions 
per minute for  s t r a i g h t  Swnyside down to  only 20 divis ions per minute. 
of Gilsoni te  to  this 82%-: 172% blend caused rapid increase i n  maximum f l u i d i t y  
with Tincrease i n  percent cri lsonite.  Only &% Gilsonite was required t o  r a i s e  the 
f l u i d i t y  of the coal blsnd up t o  the value shown by the Sunnyside coal i t s e l f .  E'ur- 
t h i r  s m l l  increases i n  Gi l soni te  brought the  m a x h u m  f l u i d i t y  t o  over 100 dilivisions 
per minute, 
s o  t h a t  Gilsoni te  has not  been used on a continuing basis.  

USE OF INEW MATEllIALS FC3 IFPROVING TEIE QUALITY OF COKE OBTAINED FROM SDNNYSIDE 
COAL 

It was found in 

Chart X shows the increase in the maximum 

It i s  evident 'that small percentages 

Addition o f  

AdcEtions 

Carbon return is very l o w  f o r  Gilsonite and the delivered cost  i s  high 

There has ahws been ac t ive  i n t e r e s t  a t  Fontana i n  f inding subs t i tu tes  f o r  t h e  ex- 
pensive lox and medim v o l a t i l e  coals t h a t  have been required t o  improve the  coke 
q u a l i t y  f o r  sa t i s fac tory  b l a s t  furnace performance. 
the p o s s i b i l i t i e s  f o r  success were s m a l l  because Sunnyside coal, coked alone, does 
not f i e l d  completely fused coke. Pebbly seam and, a t  times, considerable portions 
of poorly fusPd'agglomerate r a t h e r  than t rue  coke are  found. 
hardly be e-xpected t o  absorb i n e r t  o r  non-coking carbonaceous materials wtthout fur- 
t h e r  considerable increase i n  breeze. Den with excellent coking coals  such i n e r t  
materials have been found t o  give variable r e s u l t s  depending on source and composi- 
t ion.  For example, some v a r i e t i e s  of anthraci te  have been used successfully f o r  
incorporation i n t o  c ki g blends f o r  increasing coke s i z e  and foundry coke production 
a t  fast coking r a t e s y l l f ,  but only cer ta in  anthraci tes  have been found su i tab le  for 
t h i s  application. A t  Fontana many v a r i e t i e s  of char, anthraci te ,  petroleum coke, 
and other i n e r t  materials have been tes ted,  generally w i t h  poor resul ts .  

An example of t h e  e f fec ts  on t h e  p l a s t i c  properties i s  the use o f  petroleum coke as 
a blending mater ia l  f o r  increasing t h e  coke s ize  and strength.  C h a r t  XI1 shows the 
re la t ionships  between mximum f l u i d i t y  of t h e  blend and the percent petroleum coke. 
A s  might be expected, increase i n  percent petroleum coke caused decrease in the  m- 
imum f l u i d i t y  of the blend. 
decrease of the maximum f l u i d i t y  i s  l e s s  than shown by equivalent additions of low 
v o l a t i l e  coal. 
of blends of Sunnyside aid Xoehler coals  with i n e r t  .mterials, but using Gilsonite 
and other na tura l  high fluidity mater ia ls  fo r  increasing the p l a s t i c  character is t ics  
of the blends. 

It has a l s o  been recognized that 

Thus, this coal could 

However, it is  in te res t ing  t o  note t h a t  the rate  of 

Test work is under way a t  present t o  examine the p l a s t i c  properties 

CONCLUSION 

A knowledge of the p l a s t i c  propert ies  of the  Sunnysi.de coal has been found useful in 
explaining experiences i n  the  use of the coal both alone and i n  blends with other 
materials. T h i s  information has a l s o  been beneficial  in the select ion o f  other coals 
f o r  blending and i n  the determination of su i tab le  blends, 
that p l a s t i c i t y  i s  only one fac tor  in t h e  se lec t ion  and use of coals for  carboniza- 
t ion.  

However, it i s  recognized 

The Gieseler plastometer t e s t  has been found mos t  useful  f o r  t h e  
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determination of the p l a s t i c  propert ies  of coals  and blends of coa l s  and for t h e  
detection of changes i n  the  p l a s t i c  properties.  
b i l i t y  of t he  Sunrrgside coal  t o  rapid changes i n  p l a s t i c  propert ies  a t  room tempera- 
ture, f o r  fine pa r t i c l e  s i zes ,  has been very important f o r  obtaining sa t i s f ac to ry  
r e s u l t s  f o r  duplicate t e s t s  and f o r  series of samples. Such r ap id  change i n  p l a s t i c  
properties at room temperature may be of importance for other  laborator ies  t o  con- 
s i d e r  where d i f f i c u l t i e s  have been experienced in obtaining duplicate r e s u l t s  or 
consis tent  values f o r  plastometer tes t ing.  These effects may become increasingly 
important i n  the estimation and use of other higher rank coals  because of the in- 
creased mechanization of mining and finer coal  production, cleaning of f i n e r  s i zes ,  
t h e  use of heat  drying t o  reduce the moisture content of coking coals  before shipment, 
and the stocking of f i n e r  coking coals. 

The understanding of t he  suscepti- 
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TABLE I 

SIZE 

COMPARISON OF GIESELF;R TLASPOMETER MAXIXM, 
FREE ShXLLING INDEX, AND AGGLUTINATION TEST INDEX 

SUNNYSIDE COAL: V.M. &Os, 7%, SULE'UR 1.2% 

A.I .  - 
. 9.1 

6.9 ;t 6.7 
5.5 
5.3 

.5 1+ 3.9 
No fusion 1 2.7 

- 19 3+ 5.7 - 
Ir. 5 
2.9 

1.0 2 
1.3 2% 

s m  A.I. - FSI - P.MAX. - 
13 9/: 

2 -8 9 
2.2 9 
1.3 8 
1.2 . 8 

Z! .8 
.6 

No fusion 3 

TABLE I1 

19 .I 
18 .5 
18.1 
15.3 
h . 3  

7.8 
L.8 
2.5 

ANALYSES AND PLASTIC ?ROPERTIES OF VARIOUS SIZES OF 
SUNNXSIDE 'COAL FROM THE CLEANING PLANT 

A N A L P S I S  (DRY BASIS) GIESELER PLASTOMETW TEST 
H20 V.M. F.C. ASH SUL. F.M. .1 D/M MAX. SOLID. PIAX. 

'C OC D/M % %  a c  o'm % %  % 

6n x 1-5/8~ 3.h L2.1 52.L 5.5 1.12 339 370 k29 L59 55 
1 4 / 8 n  x 1/2" 11.8 40.3 52.9 6,8 1.18 339 367 b29 L59 1r6 
1 / 2 N  x 3/l6n 7.9 lrO.1 52.9 7.0 1.U 31r7 369 I128 L59 19 
3/16nx 28 mesh 8.b 39.5 52.9 7.6 1.a 3 u  372 L26 &59 lh 
28 mesh x 0 22.2 39.2 52.6 8.2 1.27 366 387 L27 h55 8 1 
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TABLE I11 

!ZNNYSIDE CO& RECOVERED FROM STOCKPILE 
COAL APPROXIMATEIS 60 DAYS I N  STOCK 

SAMPLE SIZE CONSIST P . W .  
EO. h28 MESH -28 MESH {28 MESH -28 MESH 

.1 
2 
3 
L 
5 
6 
7 
8 
9 
10 
.ll 
12 

88 
8L 
RL 
7L 
78 
92 
8L 
a5 
82 
88 
83 
81 

12 
16 
16 
26 
22 
18 
16 
15 
18 
12 
17 
19 

38 
15 
25 
35 
37 
65 
35 
15 
SO 
57 
32 
LO 

9 
9 
1.8 
3.3 
1.9 
9 
5.Q 
ll 
7 
10 
ll 
10 

TABLE IV 

PROXIMATE- ANALYSES, SULFUR, AND GIESELEI TEST DATA 

C'CEJ ST ITUENT SAL,YSIS (DRY BASIS) GIESGLER PLASTOMETER TEST . .  . .  H SUL. F.M. .I. D/M MAX. SOLID. IW. 
% % % %  OC "C O C  "C D/M 

P e t r o l e u m  Coke 

Gilsoni te  

LO.& 
37.7 
26.1 
23.9 
23.h 
19.6 
18 .L 
17.7 
17.3 

12.2 

77.7 

52.9 6.7 1.21 
L9.8 12.5 .71 
66.9 7.0 1.07 
69.9 6.2 .58 
69.1 7.5 .68 
72.3 8.1 -73 
75.6 6.0 ' .72 

7h.O 8.7 .95 
7L.h 7.9 .88 

87.6 .2 1.15 

21.9 .b .I9 

333 
330 
377 
38h 
386 
L25 
L25 
u2 
u2 

368 L26 L58 60 
365 L27 lr62 200 
383 h53 504 2700 
391 L67 SOL 1900 
395 k62 507 2000 
h30 &7& 511 160 
827 h76 510 65 
U6 L82 509 22 
U 6  h87 507 7 

No Fusion 

Too Fluid To T e s t  
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